
BACKGROUND OF THE INVENTION 

(a) Field of the Invention 



The subject invention is in the field of seismic research and is used for exploration 
and detection of hydrocarbon deposits onshore and offshore, monitoring of producing oil 
and gas fields, and monitoring of storage of natural gas in natural subsurface reservoirs. 

(b) Discussion of Prior Art 

At present, substantially all work associated with exploration for hydrocarbon 
deposits involves, to a lesser or greater extent, seismic prospecting. Traditionally, 
seismic prospecting consists of recording reflected and refracted wave generated seismic 
vibrations propagated through the earth's crust, with subsequent mathematical processing 
of obtained data. Methods of seismic exploration know today make use of recorded 
seismic vibrations with frequencies ranging anywhere from 5-120 Hz. Significant strides 
have been made in these methods, as well as in mathematical methods for processing of 
the data. Predominately, vibrators or explosives have been used for the generation of 
such vibrations. Such procedures have negative ecological consequences for exploration 
areas. Furthermore, predictions of the presence of hydrocarbon accumulations based on 
known methods of seismic survey are not precise. Therefore, at least every other will 
drilled based on conclusions drawn from the traditional seismic exploration for 
hydrocarbon fields turn out to be erroneously placed. Besides the waste of resources 
used for drilling of such wells, there is also unfounded damage to the environment. 

Heretofore, there has been known seismic prospecting which includes sourcing of 
seismic vibrations in exploration areas, recording of a data signal and subsequent 
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mathematical processing of the recorded signal. The data signal is recorded with no less 
than two receivers of the seismic vibrations placed at some distance from each other. The 
deficiency of this method of detection is its low accuracy. 

A method of vibroseis seismic prospecting is also known and used for exploration 
of hydrocarbon fields, which includes generation of seismic vibrations with a seismic 
vibrator, recording of a seismic signal with three component receivers and mathematical 
processing of this signal. Seismic vibrations are generated within a 1-20 Hz range for not 
less than 3 minutes. Seismic vibrations are recorded for not less than 20 minutes before 
generating the seismic vibrations and then within 5 minutes before generating the seismic 
vibrations. It was proposed that the seismic background noise is to be recorded as a 
seismic signal. Presence of a hydrocarbon field was judged based on the area increase 
under the spectral curve during recording of seismic background after generation of 
seismic vibrations has stopped in comparison with recording of seismic background 
before generation of seismic vibrations started. The deficiency of this method is its low 
accuracy. 

SUMMARY OF THE INVENTION 

A primary object of the subject invention as described herein is development of a 
more precise method of exploration and detection of hydrocarbon deposits onshore and 
offshore. 

Another object of this invention is development of a method for monitoring of 
producing oil and gas fields. 

Still another object of the invention is the development of a method for 
monitoring the fill level of subsurface natural gas storage. 
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In one method of the invention at least one receiver if seismic vibrations capable 
of recording vibrations in the infrasonic range is placed over an area being surveyed. The 
spectral characteristics of the micro seismic noise of the Earth recorded within a 2-5 Hz 
frequency range are used as the information signal, "passive variant". A hydrocarbon 
deposit is determined by the presence of a spectral anomaly on a spectrum of the passive 
information signal relative to a spectrum of an information signal from the area known 
not to contain hydrocarbons. In another method of the invention, seismic vibrations are 
generated over an area being surveyed using, as an example, a seismic vibrator. At least 
one receiver of seismic vibrations is placed over an expected hydrocarbon deposit. An 
"active" information signal is recorded before and during the generation of seismic 
vibrations within a 2-5 Hz frequency range. A hydrocarbon deposit is determined by the 
presence of a spectral anomaly on a spectrum of the active information signal relative to 
the spectrum of the passive information signal at the same point. The invention provides 
for a direct method of detection of hydrocarbon deposits. 

These and other objects of the present invention will become apparent to those 
familiar with geophysical oil and gas prospecting and acoustic research when reviewing 
the following detailed description, showing novel methods and detailed steps of the 
methods as herein described, and more particularly defined by the claims, it being 
understood that changes in the embodiments to the herein disclosed invention are meant 
to be included as coming within the scope of the claims, except insofar as they may be 
precluded by the prior art. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings illustrate accompanying drawings complete preferred 
embodiments in the present invention according to the best modes presently devised for 
the practical application of the principles thereof, and in which: 

FIG^/is an example of a subsurface structure map of a prospective exploration 
area. The prospective area is an actual example of a subsequently developed oil and gas 
field found in the Orenburg region of Russia. Two sectors, a lower sector and an upper 
sector, on the map were identified as prospective for oil and gas by conventional geology 
and seismic techniques. Three well locations were projected as shown. Then the two 
sectors were planned for surveying using the methods described herein. 

similar to FIG. 1 . The subject method detected hydrocarbons in the 
lower sector, as shown* prior to drilling. Also, the method detected no hydrocarbons in 
the upper sector prior to drilling. Two producing wells were subsequently drilled in the 
lower sector and a dry hole was drilled in the upper sector. 

FIG. 3f us a spectrum graph of the "passive" information signal recorded in the 
lower sector, at a proposed drilling location, shown in FIGS. 1 and 2, prior to drilling. 

FIG. Jlis the spectrum graph of the active information signal recorded at the same 
point in the lower sector shown in FIGS. 1 and 2. 

FIG.^s a product spectrum of the two spectrums shown in FIGS. 3 and 4. The 
shaded horizontal lines indicate a presence of a spectral anomaly in the 3 to 4 V4 Hz range 
on the active spectrum relative to the passive spectrum. The spectral anomaly indicated 

hydrocarbons, which were confirmed by drilling a producing well. 

t 

FIG. j> is a spectrum graph of the "passive" information signal recorded in the 

/ 

upper sector} at a proposed drilling location, shown in FIGS. 1 and 2, prior to drilling. 
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FIGy/is the spectrum graph of the active information signal recorded at the same 
point in the upper sector shown in FIGS. 1 and 2. 

FIG. jris a product spectrum of the two spectrums shown in FIGS. 6 and 7. The 
product spectrum is relatively flat, without the presence of a spectral anomaly, which 
indicates no hydrocarbons at this location. The location was drilled and a dry hole was 
evidence as to no oil or gas. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following described method, so called "passive" variant, is proposed for 
detection of hydrocarbon deposits onshore. At least one receiver of seismic vibrations 
capable of recording at least one data component in the infrasonic range is placed over 
the survey area. The spectral characteristics of earth's microseismic noise is measured 
within 2-5 Hz frequency range as the information signal. The signal is recorded 
simultaneously on all components being measured. Presence of a deposit is determined 
based on a spectral anomaly of the passive information signal relative to an information 
signal from an area known not to contain hydrocarbons. When this method is used, it is 
preferable to record the information signal for no longer than 60 minutes. When using at 
least two receivers of seismic vibrations, they are placed not more than 500 meters apart 
from each other. Different types of seismic vibration receivers may be used for the 
methods of the invention described herein, as long as these receivers are capable to 
recording vibrations in the infrasonic frequency range. 

In accordance with a second method, so called "active" variant, the following 
method is described. In addition to the "passive" method, seismic vibrations are 
generated using a seismic vibrator. An active information signal is recorded using at 
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least one receiver of seismic vibrations capable of recording vibrations within the 
infrasonic range of frequencies, as well as simultaneously recording all the components 
(one or more). Obtained data is mathematically processed. Spectral characteristics of 
earth's microseismic noise are used as the information signal, which is recorded before 
the generation of seismic vibrations as well as during the generation of seismic 
vibrations. Presence of a hydrocarbon deposit is determined based on the appearance of 
the spectral anomaly on the information signal spectrum recorded during the generation 
of seismic vibrations relative to the information signal spectrum recorded at the same 
point before the generation of vibrations. 

During the application of the invention, additional recording of the information 
signal can be made after generations of vibrations have stopped. Preferably, recording 
times of the information signal are as follows: no more than 20 minutes before generation 
of seismic vibrations begins; duration of the seismic vibrations generation by a vibrator is 
at least 3 minutes; and recording of the information signal should preferably last no more 
than 5 minutes after generation of seismic vibrations when the vibrator has stopped. 
When at least two receivers of seismic vibrations are used, it is preferable to place them 
away from each other at a distance not greater than 500 meters, and the receivers should 
preferably be no more than 500 meters away from the vibrator. 

For exploration and detection of hydrocarbon deposits offshore in accordance 
with "passive" variant, the following applies. A receiver of seismic vibrations is placed 
on the sea bottom. This receiver should be capable of recording vibrations within 
infrasonic range of frequencies, as well as simultaneously recording one or more 
components. Recording of the vibrations is carried out simultaneously along all the 
components being measured within the 2-5 Hz frequency range. Spectral characteristics 
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of the earth's microseismic noise are used as the information signal. Presence of a 
deposit is determined based on the appearance of spectral anomaly on the passive 
information signal within the 2-5 Hz range relative to a passive information signal from 
an area which is know not to contain hydrocarbons. 

When using this offshore method, the passive information signal should 
preferably be recorded for not less than 40 minutes. If two or more receivers are used, 
they should be no more than 500 meters apart from each other. 

When exploring for hydrocarbons offshore using the active variant method, at 
least one receiver of seismic vibrations should be used. This receiver should be capable 
of recording at least one data component and be capable of recording vibrations within 
the infrasonic range of frequencies from the sea bottom. Spectral characteristics of 
earth's microseismic noise are recorded as the information signal, using at least one 
seismic receiver, simultaneously along all components being measured. Then acoustic 
vibrations are generated in water while recording is continued till after the end of the 
generation of vibrations. Presence of a hydrocarbon deposit is determined based on the 
appearance of spectral anomaly in the 2-5 frequency range of the active information 
signal, recorded while vibrations were being generated or after the generation has 
stopped, relative to spectral characteristics of a passive information signal obtained 
before the generation of vibrations at the same location. 

To map the deposit, the above procedures are repeated at other points along the 
proposed profile. Vibrations are generated for at least 5 minutes. It would be preferable 
to begin recording the active information signal at least 10 minutes before the vibrations 
are started. If two or more receivers are used, it is preferable to have them no more than 
500 meters apart from each other on the sea bottom. 




To monitor production of oil and gas fields, control points are chosen over a field. 
Seismic receivers capable of recording at least one component within infrasonic range are 
placed at these control points. The receivers periodically measure spectral characteristics 
of the earth's microseismic noise within the 2-5 Hz frequency range. Presence of a 
hydrocarbon contact beneath a control point is determined based on disappearance of a 
spectral anomaly of the earth's microseismic noise in the 2-5 Hz frequency range. 
Preferably, recording of the information signal is done for 40-60 minutes. Also, seismic 
receivers are placed near the producing wells. In addition, generation of seismic 
vibrations is carried out. In this case, recording of the spectral characteristics of the 
earth's microseismic noise is carried out before and during the generation of the 
vibrations. 

To monitor fill levels of a subsurface storage of natural gas, control points are 
chosen on the surface over a storage reservoir, which mark the various fill levels. At 
least one seismic receiver is placed at each point. These receivers should be capable of 
recording at least one component within an infrasonic frequency range. As gas is 
removed from or pumped into the reservoir, spectral characteristics of the earth's 
microseismic noise are periodically measured at control points. Absence of natural gas in 
the storage reservoir underneath a control point is determined based on an absence of 
spectral anomalies of the earth's microseismic noise in the 2-5 Hz frequency range. 
Recording of the spectral characteristics of the earth's microseismic noise is preferably 
carried out for 40-60 minutes. Additionally, generation of seismic vibrations can be 
carried out. In this case, recording of the spectral characteristics of the earth's 
microseismic noise is done before and during the generation of the seismic vibrations. 



8 



f 



• 



The following drawings disclose in detail an example of the active variant method 
used in detecting hydrocarbon deposits in an onshore area. It should be kept in mind the 
method described in the drawings applies equally well to the passive variant method and 
active variant method for detecting hydrocarbon deposits offshore as well as monitoring 
oil and gas fields and monitoring subsurface storage of natural gas. 

In FIG. 1, an example of a subsurface structure map is illustrated of a prospective 
exploration area. The structure map is indicated by general reference numeral 10. The 
map 10 includes a plurality of subsurface contour lines 12. This map is of a prospective 
area, which is an actual example of a subsequently developed oil and gas field found in 
the Orenburg region of Russia. 

On the map 10 are shown two sectors, a lower sector 14 and an upper sector 16. 
The sectors 14 and 16 had been identified as prospective for oil and gas prospects by 
using conventional geology and seismic techniques, and then were planned for surveying 
using the subject active variant method prior to drilling. In the lower sector 14 are shown 
two planned well locations 18, Also, one planned well location 20 is shown in the upper 
sector 16. 

In FIG. 2, which is similar to FIG, 1, the results of the survey are shown, together 
with the results of subsequent drilling. Hydrocarbons were detected by the method in the 
shaded area of the lower sector 14 prior to drilling. Two productive wells 22 are shown 
having been drilled. The detection method indicated no hydrocarbons in the upper sector 
16 prior to drilling the dry hole 24. The upper sector shows a dry hole 24. 

In FIG. 3, a spectrum graph is shown of one of the well locations in the lower 
sector 14 as shown in FIGS. 1 and 2. The spectrum graph is shown having general 
reference numeral 26. The spectrum graph illustrates an information signal 28 taken 
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before the generation of seismic vibrations passive. The spectrum graph 26 is shown 
with the signal frequency measured in a range from 2.0 to 5.0 Hz and the power 
amplitude measured in a range of from 0 to 1 .0. 

In FIG. 4, another spectrum graph is shown, having a general reference numeral 
30, taken from the same location on FIG. 3, but recorded during the generation of seismic 
vibrations active. The information signal is shown having reference numeral 32. The 
spectrum graph 30 is also shown with the signal frequency measured in a range from 2.0- 
5.0 Hz and the power amplitude measured in a range of from 0 to over 1 .0. 

In FIG. 5, a product spectrum (active/passive) of the two spectrum shown in 
FIGS. 3 and 4 is illustrated. The product spectrum is shown having a general reference 
numeral 32. A shaded area with horizontal lines is shown clearly indicating the presence 
of a spectral anomaly 36 in the 3 to 4 l A Hz frequency range* The anomaly is expressed 
as not having a relatively flat spectrum in the measured frequency range. The spectral 
anomaly 36 indicates presence of hydrocarbons, which was confirmed by subsequent 
drilling of productive wells, thereby proving the subject method in fact did correctly 
indicate the presence of hydrocarbons in the lower sector. The use of product spectrum is 
employed to "filter out'* non-information signal noise, present in the active spectrum. 

In FIG. 6, a spectrum graph from the upper sector 16 is shown and having a 
general reference numeral 38. The spectrum graph 38 illustrates a passive information 
signal having numeral 40. The information signal 40 is measured before the generation 
of seismic vibrations. The spectrum graph 38 is shown with a signal frequency measured 
in a range from 2.0-5.0 Hz and the power amplitude measured in a range of from 0 to 1.0. 
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In FIG. 7, another spectrum graph from the same location in the upper sector 16 is 
shown having a general reference numeral 42. The spectrum graph 42 illustrates an 
active information signal having numeral 44. The active information signal 44 is 
recorded during the generation of seismic vibrations. The spectrum graph 42 is also 
shown with the signal frequency measured in a range from 2.0 -5.0 Hz and the power 
amplitude measured in a range of from 1 to 1.0. 

In FIG. 8 a product spectrum (active/passive) of the two spectra shown in FIGS. 6 
and 7 is shown. The product spectrum is shown having general reference numeral 46. In 
this example, the product spectrum 48 is relatively flat without the presence of a spectral 
anomaly, which indicate no hydrocarbons to be found at this location. To confirm there 
were no hydrocarbons in the upper sector 16, the well 24, shown in FIG. 2, was drilled 
and no oil and gas was found. 

While the subject methods for detection of hydrocarbons have been shown, 
described and illustrated in detail with reference to the preferred embodiments and 
modifications thereof, it should be understood by those skilled in the art that equivalent 
changes in form and detail may be made therein without departing from the true spirit 
and scope of the invention as claimed except as precluded by the prior art. 
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